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1. Introduction   47 
 48 
Popular for its delicious and refreshing taste, melons (Cucumis melo L., 49 
Cucurbitaceae) are widely grown in warmer regions of the world. This crop was familiar 50 
throughout much of the Old World in antiquity (Paris and Janick, 2008), and has been 51 
cultivated for centuries (Paris et al., 2012).  Today, C. melo is a very important crop, in 52 
terms of production area, quantity of production, and high economic value, in both the 53 
Old and New Worlds (Rubatzky and Yamaguchi, 1997). Over the last 20 years, annual 54 
world production doubled from approx. 15 millions tons in 1993 to almost 30 million tons 55 
in 2013) and yield per unit area rose from 160 Hg/ha to nearly 250 Hg/ha (FAOSTAT, 56 
2015). 57 
Africa was long considered as a centre of origin of this species (Kirkbride, 1993; 58 
Leppik, 1966; Wehner and Maynard, 2003), but recent archaeological and botanical 59 
findings located its area of origin in Asia, and its closest wild relative, C. picrocarpus F. 60 
von Mueller, was discovered in Australia (Renner et al., 2007; Sebastian et al., 2010). 61 
The historical record of cultivation and diversification of various types of C. melo 62 
starting with Roman Empire up through Medieval history in Southwestern and Central 63 
Asia, Andalusia and North Africa was critically analysed by Paris et al. (2012). In the 14
th
 64 
and 15
th
 centuries, melon also became an important crop in Bohemia in Central Europe 65 
(Moravec et al., 2004). Given its long history of  cultivation in various areas of the world, 66 
the widespread occurrence of wild and weedy taxa within C. melo (Decker-Walters et al., 67 
2002; Stepansky et al., 1999), the ability of related wild Cucumis species to hybridize 68 
with cultivated C. melo  (Lebeda et al., 2007b), and the exploitation of local landraces in 69 
modern breeding and cultivar development (López-Sesé et al., 2003; Monforte et al., 70 
2008; Sensoy et al., 2007) all have contributed to a diverse array of cultivated 71 
morphotypes (Lebeda et al., 2007b; López-Sesé et al., 2003; Pitrat et al., 2000; Staub et 72 
al., 2000).  73 
In contrast to the wide range of genetic and phenotypic diversity found among melons, 74 
Nesom (2011) concurred with Kirkbride (1993) in recognizing only two formal 75 
infraspecific taxa within C. melo, following an earlier informal proposal by Jeffrey 76 
(1980), i.e. subsp. melo and subsp. agrestis (Naudin) Pangalo. Cucumis melo subsp. melo 77 
comprises the large-fruited, sweet “dessert” melons of commerce (canteloupe, honeydew,  78 
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muskmelon, and the snake melon/cucumber melon), including the horticultural varieties 79 
melo (including cantalupo), inodorus, and  flexuosus, originating mostly in western Asia 80 
and Europe, all known strictly as landraces and cultivars. Molecular resolution to 81 
distinguish between var. cantalupo and var. inodorus is slight (Silberstein et al., 1999; 82 
Staub et al., 1997; Stepansky et al., 1999), despite significant differences between them in 83 
morphology and physiology. Cucumis melo subsp. agrestis encompasses the second 84 
group of cultivars and landraces, as well as free-living wild and feral forms; essentially, 85 
these are generally smaller, mostly non-sweet, and morphologically more variable types, 86 
which originated mostly in India and southeast Asia (Nesom, 2011).  87 
Extensive collections of C. melo, covering much of this species’ diversity are 88 
maintained in the world’s plant germplasm collections. A database of cucurbitaceous 89 
crops was created by the Cucurbit Working Group operating within the ECPGR 90 
(European Cooperative Programme on  Plant Genetic Resources) from passport data 91 
provided by 39 institutions in 23 countries from Europe and the Near East (Díez et al., 92 
2011). By the end of 20th century, C. melo was represented by 7 553 accessions in 93 
European collections; large collections are located in Bulgaria, the Czech Republic, 94 
Germany, Hungary, the Netherlands, and Spain, with the largest in Russia (Nuez and 95 
Díez, 2001). The database of the US National Plant Germplasm System includes 2 089 96 
accessions of C. melo (USDA ARS National Genetic Resources Program, 2015). Other 97 
major collections are located in Asia, such as the 178 accessions of C. melo that are 98 
maintained by the Asian Vegetable Research and Development Center, Taiwan (China) 99 
(AVRDC, 2015). 100 
Cultivation of melons in major production areas is complicated by the occurrence of 101 
cucurbit downy mildew, Pseudoperonospora cubensis (Berk. et Curt.) Rostov. 102 
(Peronosporales, Chromista) (Lebeda and Cohen, 2011; Savory et al., 2011). It 103 
exclusively attacks members of the Cucurbitaceae, and 50-60 species (e.g. cucumbers, 104 
gherkins, melons, watermelons, squashes and pumpkins), including both wild and 105 
cultivated forms from about 20 genera, are known to be natural hosts (Runge et al., 2012). 106 
Within the genus Cucumis, there are, apart from cultivated cucumbers (C. sativus) and 107 
melons (C. melo), 8 other wild Cucumis species known as hosts of cucurbit downy 108 
mildew (Lebeda and Widrlechner, 2003).  109 
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Pseudoperonospora cubensis is widely distributed, especially in warm temperate, 110 
subtropical and tropical areas, on cucurbits cultivated both in open fields and under 111 
protected conditions, with widespread occurrence in those regions with yearly rainfall of 112 
more than 300-350 mm (Lebeda, 1986, 1990). In Europe, its occurrence was limited to 113 
the Mediterranean region early in 20
th
 century, but by the mid 1980s it was spreading fast 114 
across most European countries (Lebeda et al., 2011), including Scandianvia (Lebeda, 115 
1990). Such rapid spread to new regions resulted, in part, from its high degree of 116 
adaptation to new environmental conditions (Lebeda and Schwinn, 1994). 117 
Virulence variation in P. cubensis can be represented by pathotypes (Lebeda and 118 
Widrlechner, 2003) as determined on a standard, differential set of cucurbitaceous taxa 119 
(Lebeda and Gadasová, 2002; Lebeda and Widrlechner, 2003), or by races (Lebeda et al., 120 
2006). While the existence of distinct races of P. cubensis on Cucumis sativus is uncertain 121 
(Lebeda and Schwinn, 1994), and distinct responses to P. cubensis were not observed 122 
within 20 wild Cucumis species (Lebeda, 1992; Lebeda and Widrlechner, 2003), racial 123 
differentiation has been demonstrated for Cucumis melo (Lebeda, 1991; Thomas et al., 124 
1987), Cucurbita pepo and other Cucurbita spp. (Lebeda and Křístková, 1993; Lebeda 125 
and Widrlechner, 2004). Our understanding of the genetic basis of this virulence variation 126 
in P. cubensis is very fragmentary (Savory et al., 2011), and the role of sexual 127 
reproduction in generating such variation has not yet been adequately assessed (Kitner et 128 
al., 2015; Lebeda and Cohen, 2011; Polat et al., 2014).  129 
The genetic basis for resistance to P. cubensis is known for a few host species (Lebeda 130 
and Widrlechner, 2004). Within C. melo, there is no known genotype resistant to all 131 
pathotypes P. cubensis. The accession PI 124111 and line MR-1, derived from this same 132 
accession, are often considered to be the most efficient source of resistance to cucurbit 133 
downy mildew (Cohen, 1981; Lebeda, 1990). Major genes for specific resistance in C. 134 
melo have incompletely dominant effect, often with a digenic or oligogenic character 135 
(Lebeda and Widrlechner, 2003). Sources of resistance to downy mildew have been 136 
reported in several Indian accessions (Dhillon et al., 2007; Fergany et al., 2011).  In 137 
Indian accession PI 124111, resistance was reported to be controlled by two partially 138 
dominant, complementary genes, Pc-1 and Pc-2 (Cohen et al., 1985; Kenigsbuch and 139 
Cohen, 1992; Thomas et al., 1988). Similarly, the resistance of two highly resistant lines 140 
derived from this accession, namely MR-1 and PI 124111F, is controlled by the same two 141 
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loci, which were reported to be inactivated by low temperatures (Balass et al., 1993). One 142 
or two complementary genes (including Pc-4) interacting with Pc-1 or Pc-2 were also 143 
reported to control resistance to downy mildew in another Indian accession, PI 124112 144 
(Kenigsbuch and Cohen, 1992). Nine QTL for resistance to P. cubensis were located on a 145 
melon map developed from the cross 'Védrantais' × PI 124112. Among them, a major 146 
locus, Pc-XII.1, was found in linkage group XII, closely linked to the powdery mildew 147 
resistance locus Pm-XII.1, which confers resistance to Podosphaera xanthii races 1, 2 and 148 
5 and Golovinomyces cichoracearum race 1 (Perchepied et al., 2005). A single dominant 149 
gene of partial resistance, Pc-3, was reported in the Indian accession PI 414723 (Epinat 150 
and Pitrat, 1989). The gene Pc-5 was reported to interact with the modifier gene, M-Pc-, 151 
to control downy mildew resistance in the line 5-4-2-1 (Angelov and Krasteva, 2000). 152 
The downy mildew resistance of 5-4-2-1 is derived from the melon cultivar 'Seminole' 153 
which has been used as a resistant partner in numerous crosses (Angelov, 1996).  154 
The cultivar 'Seminole' was developed at the Central Florida Experiment Station 155 
Sanford (Florida, USA), where a cantalopue trial was conducted in 1946. In September 156 
1947 a volunteer vigorous and quite disease resistant vine was found on a ditchbank near 157 
the site of previous trial.  Seeds from its fruits were saved and used for repeated 158 
selections. One of these selections, 'Sanford 9' was crossed in 1952 with 'Georgia 47', 159 
resulting in several lines. The cultivar 'Georgia 47' was released by the Georgia 160 
Experiment Station in 1950. This cantaloupe represents a milepost in multiple disease 161 
resistance, productivity and quality, but lacked the uniformity and general appearance that 162 
is desired. In 1954 the seeds were obtained from open pollinated fruit from one line and in 163 
1957 its progenies was designated Florida 57. Late in 1959 it was named 'Seminole' and 164 
release was authorized. 'Seminole', a high-yielding, good quality, downy and powdery 165 
mildew- resistant cantaloupe, was recommended for the cultivation at home gardendes 166 
(Whitner, 1960).   167 
Downy mildew resistance breeding is well developed for C. melo (Pitrat et al., 1996). 168 
First attempts were realised in the 1940s in the USA where four cultivars with a high 169 
degree of resistance were developed (Ivanoff, 1944). A highly resistant cultivar 'Tainan 2' 170 
was bred in Taiwan (Lebeda, 1990).  Accessions C. melo var. reticulatus PI 124111, PI 171 
124112, and line MR-1 derived from PI 124111 remain useful sources of resistance; 172 
under field conditions of natural infection they develop only small yeallow lesions 1-2 173 
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mm in diameter (Cohen, 1981; Lebeda, 1990). Lebeda (1990, 1991) demonstrated race-174 
specific responses of PI 124111 and MR-1 to P. cubensis under conditions of artificial 175 
inoculation. Notably, while whole, detached leaves of MR-1 were resistant to all 176 
inoculated isolates, leaf discs developed heterogeneous reactions (Lebeda, 1991).  177 
The phenomenon of field resistance to P. cubensis has been widely studied within C. 178 
sativus (Call et al., 2012a, 2012b, 2013), but also has been examined in C. melo (Cohen, 179 
1981; Lebeda and Schwinn, 1994). Unfortunately, past field studies (More et al., 2002; 180 
Thomas, 1999) were conducted without precise specification of pathogen virulence. This 181 
is problematic because recent studies have clearly shown that: i) P. cubensis exhibits 182 
significant variation in its pathogenicity on both the individual and population level 183 
(Lebeda et al., 2006); and ii) the response of C. melo to P. cubensis is race-specific 184 
(Lebeda, 1991, 1999; Lebeda and Cohen, 2011; Lebeda and Urban, 2010; Lebeda et al., 185 
2007a). Ideally, future host-parasite studies will be based on well-characterized pathogens 186 
and diverse arrays representing the host taxa.   187 
With that end in mind, the goal of this paper is to describe interactions between a 188 
diverse set of 115 C. melo accessions and eight isolates of P. cubensis under controlled 189 
inoculation conditions. The main objective of this research was 1) to obtain detailed 190 
information about the extent of variation in this host-pathogen interaction from the 191 
viewpoint of pathotype/race specificity, 2) to interpret the data on the level of race-192 
specific resistance/susceptibility, and 3) to identify some accession of C. melo as potential 193 
sources of resistance for future melon breeding.  194 
 195 
2. Materials and methods  196 
 197 
2.1. Plant material - origin, cultivation and preparation for tests 198 
 199 
A diverse set of 115 C. melo accessions from 28 countries in Europe, Asia, Africa, and 200 
the Americas, representing wild collections, landraces, local cultivars, and cultivated or 201 
breeding lines, was chosen for this experiment (Table 1). These accessions, provided by 202 
North Central Regional Plant Introduction Station, Ames, Iowa (USDA), were originally 203 
collected or donated to the US National Plant Germplasm System (NPGS) between 1934 204 
and 1994 (USDA, ARS, National Genetic Resources Program, 2015). Within the NPGS 205 
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database, two accessions (items 3 and 22) are described as C. melo var. flexuosus (L.) 206 
Naudin, one (item 15) as C. melo var. inodorus H. Jacq., and three (items 92, 94, and 95) 207 
as C. melo var. agrestis Naudin.  In two cases (itmes 8 and 52), accessions are only 208 
described to the species level.  All remaining accessions are classified as C. melo subsp. 209 
melo. This infraspecific clasification was modified according to concept of Nesom 210 
(2011), organizing the species C. melo into two subspecies (subsp. melo and subsp. 211 
agrestis). Three accessions (items 92, 94 and 95) belong to C. melo subsp. agrestis. Two 212 
accessions (items 3, 22) originaly described as C. melo var flexuosus and one accession 213 
(item 15) described as C. melo var. inodorus, fit with 107 other accessions in C. melo 214 
subsp. melo. The subspecific classification of remaining two accessions (items 8 and 52) 215 
was not specified (Table 1).  216 
Cucumis sativus accession 09H3900121, cultivar 'Marketer 430' obtained from the 217 
Czech National Plant Germplasm Collection (Crop Research Institue, 2015a), was used as 218 
a highly susceptible control (C in Table 1) in all experiments as well as serving as the host 219 
for pathogen cultivation and multiplication.  220 
Each accession was represented by three plants in our experiments. Plants were grown 221 
from seeds in plastic pots in a greenhouse under optimal conditions (23-27˚C/15-20˚C 222 
day/night temperatures, daily watering, weekly fertilization) as described by Lebeda 223 
(1986) and Lebeda and Urban (2010). Leaf discs (15 mm in diameter) were cut from well 224 
developed true leaves of 5-12-week-old plants and placed, with their abaxial surface up, 225 
on wet filter paper in Petri dishes. Each C. melo accession was represented by 5 leaf discs 226 
in three replicates (one replicate per plant) to evaluate its interactions with each P. 227 
cubensis isolate under study (Lebeda and Urban, 2010).  228 
 229 
2.2. Pathogen isolates – origin, character, maintenance 230 
 231 
Eight P. cubensis isolates (1/88, 6/96, 1/97, 6/97, 3/00, 11/00, 12/00, 39/01)  collected 232 
during the years 1988-2001 from infected Cucumis sativus plants in the Czech Republic 233 
and France (isolate 3/00) (Lebeda and Gadasová, 2002; Lebeda and Widrlechner, 2003) 234 
were obtained from the National Collection of Microorganisms (Crop Research Institute, 235 
2015b) maintained by the Department of Botany, Palacký University in University, 236 
Olomouc, Czech Republic. These isolates represent eight different  pathotypes as 237 
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determined from a standard set of cucurbitaceous taxa, denominated by triple-part tetrade 238 
codes following Lebeda and Widrlechner (2003) (Table 2), with low (isolates 3/00,  6/97 239 
and 1/88), medium (isolates 11/00 and 6/96), and high levels of pathogenicity (isolates 240 
12/00, 1/97 and 39/01) (Table 3). The first value of the triple-code is derived from the 241 
interaction of isolate with differential genotypes of the genus Cucumis (Lebeda and 242 
Widrlechner, 2003), i.e. Cucumis sativus cv. 'Marketer 340' and three additional 243 
genotypes of C. melo (PI 292008, CUM 238/12974 and PI 200819) (Tables 2, 3). 244 
Isolates of P. cubensis were cultivated and multiplied on fresh leaves of Cucumis 245 
sativus 'Marketer 430' (09H3900121) (Table 1) on wet filter paper in Petri dishes (Lebeda 246 
and Gadasová, 2002; Lebeda and Widrlechner, 2004) under the same conditions as for the 247 
pathogenicity tests. Continuous (permanent) maintenance of vital isolates was achieved 248 
by re-inoculation at 10-14 day intervals (Lebeda and Urban, 2010). Long-term storage of 249 
isolates at – 80°C guarantees their vitality for about six months, and after this period, it is 250 
necessary to renew the cultures through fresh inoculations (Lebeda and Urban, 2010). 251 
 252 
2.3. Conduct of experiment - plant inoculation and incubation, evaluation, data treatment  253 
 254 
We inoculated leaf discs of C. melo accessions with an aqueous suspension of P. 255 
cubensis spores and incubated them following Lebeda and Urban (2010). Reactions of C. 256 
melo leaf discs (sporulation intensity of each P. cubensis isolate, respectively) were 257 
evaluated visually on the 6
th
, 8
th
, 10
th
, 12
th
 and 14
th
 day after inoculation by using a 0-4 258 
scale (Lebeda, 1986; Lebeda and Urban, 2010). For each C. melo accession, the degree of 259 
infection (DI) was expressed as a percentage of maximal potential sporulation at the time 260 
of the final evaluation, 14 days after inoculation (Lebeda, 1986; Lebeda and Gadasová, 261 
2002; Lebeda and Prášil, 1993). Four types of reactions, based on DI value and variation 262 
in leaf-discs responses, were assigned: +, susceptible (DI = 35-100%); (+), heterogenous; 263 
(-), partially resistant (DI = 1-34%); and -, resistant (DI = 0%) (Lebeda, 1986; Lebeda and 264 
Urban, 2010). Heterogeneous response (+) indicates the mixture of completely 265 
susceptible together with at least one resistant plants in the tested sample; it may be 266 
caused by genetic segregation or impurity of the seedlot, or by genetic variation within 267 
the pathogen isolate (Crute and Dickinson, 1976). 268 
 269 
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3. Results  270 
 271 
3.1. Reactions of C. melo accessions to P. cubensis isolates  272 
 273 
Reaction patterns among 115 accessions of C. melo accessions can be distinguished by 274 
their qualitative differences in response to our set of eight P. cubensis isolates (Table 3). 275 
Most C. melo accessions (in total 67) were highly susceptible to all isolates. Two 276 
accessions (items 92 and 95) were incompletely resistant to all isolates. The remaining 46 277 
accessions developed race-specific response to eight isolates; only three pairs of 278 
accessions (items 47+84, 17+89, 10+115) showed identical reaction patterns. 279 
Collectively, 45 different reaction patterns to eight isolates P. cubensis were recorded 280 
within this set of 115 C. melo accessions (Table 3).  Heterogeneous reactions to one or 281 
more isolates were recorded for 32 accessions. About half of these accessions were also 282 
incompletely resistant to at least one isolate. None of the screened accessions expressed 283 
complete resistance to all isolates. The broadest resistance pattern was observed in 284 
accession PI 315410 (item 34), which was completely resistant to five isolates and 285 
incompletely resistant to two more (Table 4). 286 
Experiments under controlled conditions conducted in growth chambers exclude many 287 
of the external sources of heterogeneous reactions that accessions may present after 288 
inoculation. The heterogeneous reactions that we observed in 32 accessions to one or 289 
more isolates very likely has a genetic basis and is likely associated with the 290 
entomogamous breeding system of the species (Kuounon et al., 2009), which generates 291 
diversity in the open-pollinated melon populations that were then acquired for germplasm 292 
conservation. 293 
According to the general standards for regeneration of germplasm material, the genetic 294 
integrity of accessions should be maintained and initial heterogeneity within accessions 295 
(especially for wild materials and landraces) should be recorded (Sackville Hamilton and 296 
Chorlton, 1997). Within the group of 39 accessions acquired by the germplasm collection 297 
in the period 1934-1967, heterogeneous reactions were observed in only four accessions, 298 
with incomplete resistance in three. As we do not have data on the genetic make-up of 299 
these accessions at time of their acquisition, we can not explain adequately this 300 
phenomenon. 301 
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Accession PI 315410 with resistance to 5 isolates of P. cubensis can be used as a 302 
differential genotype for racial identification. Another accession in our set, namely PI 303 
313970 (item 28), which was linked to an identical source (VIR, St. Petersburg, Russia) 304 
under a common identifier, VIR 5682, is noted in passport data as a duplicate of PI 305 
315410.  However, PI 313970 developed quite a distinct reaction pattern. Similarly, the 306 
pair of accessions, PI 378059 and PI 420176 (items 45 and 50), which are described in 307 
their passport data as duplicates, developed distinct reaction patterns to P. cubensis 308 
isolates. In these cases, use of the term of „duplicate“ does not reflect their pathogen 309 
responses, calling into some question the appropriateness of considering them as 310 
duplicates. 311 
The passport data for these 115 accessions defined five categories of improvement 312 
status: breeding material, cultivated material, landrace, wild material, and unknown. In 313 
each of those categories, approximately half of the accessions were completely 314 
susceptible to all isolates, and heterogenous responses were not clearly associated with 315 
any of them (Table 5). 316 
From the perspective of subspecific variation, 110 of these accessions represented C. 317 
melo subsp. melo, three were of C. melo subsp. agrestis, and taxonomic status of the two 318 
remaining accessions were not specified (Table 1). The accession with resistance to five 319 
isolates of P. cubensis (PI 315410) belongs to the C. melo subsp. melo.  Two of the three 320 
accessions of C. melo subsp. agrestis (items 92 and 95) were incompletely resistant to all 321 
isolates tested. Further studies should investigate the potential association of incomplete 322 
resistance to this subspecies by examining both the anatomy and biochemistry of leaf 323 
tissue.  324 
The set of 115 accessions in our study can be divided into six main categories based on 325 
their countries of origin (Table 4). All samples from Central Asia were susceptible to all 326 
isolates, as were 12 samples from Europe. The three remaining European samples 327 
displayed heterogeneous reactions (Table 4). A limited spectrum of reaction patterns was 328 
recorded on accessions from the Americas, perhaps as a result of our small sample size. 329 
But considerably more variation in reaction patterns was observed among accessions from 330 
East Asia, with the highest degree of diversity recorded in acessions from Africa and 331 
South Asia. Four pairs of accessions developed identical reaction patterns (items 47+84, 332 
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17+89, 10+115, and 92+95), with only one of them bridging different continents, items 333 
47 (Europe) and 84 (Africa) (Table 4).  334 
As noted earlier, accession PI 315410 displayed resistance to five isolates. It  335 
originated in India (Table 1), in common with a number of other important sources of 336 
race-specific resistance to P. cubensis (e.g.,  PI 124111, PI 124112, PI 180280, and 337 
'Smith´s Perfect') reported by Cohen (1981) and Lebeda (1990). However, in our 338 
experiment, PI 124112 (item 5) was susceptible to six isolates (Table 4).  339 
The cultivar 'Smith´s Perfect Seeds' (PI 441988) included to our experiment (item 58) 340 
was susceptible to six isolates but presented a heterogeneous response to two others 341 
(Table 4). Our results do not correspond well to passport data (USDA, ARS, National 342 
Genetic Resources Program, 2015) noting the resistance of this accession to cucurbit 343 
downy mildew. Another explanation of this discrepancy is, that there may be several 344 
different lines very derived from 'Smith´s Perfect', bearing different resistance factors. 345 
The authenticity of this cultivar in different studies has not been well documented. 346 
Incomplete resistance was recorded by interactions involving each of the eight isolates. 347 
The phenomenon of incomplete resistance recorded in 30 different accessions (Table 4) 348 
likely reflects polygenic control. Accessions with incomplete resistance to at least one 349 
isolate originated from ten countries. Senegal, Colombia, Mexico, China and S. Korea 350 
each contributed an accession; Taiwan was the source of two; Japan the source of three; 351 
Zambia the source of five; Zimbabwe the source of six; and India the source of ten. For 352 
India, this comprised 59% of all accessions tested, while for Zambia and Zimbabwe, all 353 
tested accessions displayed at least one example of incomplete resistance. 354 
Incomplete resistance was associated with significantly reduced sporulation and 355 
delayed development of disruptive structures on leaf discs. Within the set of 115 356 
accessions, there were 17 accessions with  DI ˂ 25% on any of the leaf discs at the time 357 
of last evaluation (14 days after inoculation) (Table 4). Reduced sporulation and growth 358 
on leaf discs to one or two isolates were observed in 12 accessions.  One accession from 359 
Africa (item 55) and three from India (items 93, 92, 95) displayed such reactions to three, 360 
four or even six isolates. Accession PI 315410 (item 34), completely resistant to 5 361 
isolates, showed limited sporulation for two others and was susceptible only to isolate 362 
12/00, which as noted below  was virulent to the fewest accessions of C. melo in our 363 
experiment. 364 
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3.2. Virulence of P. cubensis isolates 365 
 366 
The eight P. cubensis isolates in our study represent eight distinct pathotypes (Table 3) 367 
with low, medium and high virulence, as classified by Lebeda and Gadasová (2002) and 368 
Lebeda and Widrlechner (2003). In Table 43, we ordered these isolates based on their 369 
increasing virulence on this set of 115 C. melo accessions. However, differences in 370 
virulence among them when tested on this set were very limited, and they did not 371 
conform to expectations based on their pathotypes (Tables 3, 4).  372 
None of the accessions from Europe, Central Asia, East Asia or Africa was completely 373 
or incompletely resistant to isolate 39/01 with the highly virulent „superpathotype“ 374 
(15.15.15) (Tables 3, 4). Only one accesion from America and seven from India were 375 
incompletely resistant to it, and only a single accession, PI 315410 (item 34) was fully 376 
resistant. This exceptional accession was also resistant also to the highly virulent isolate 377 
1/97 (pathotype 15.10.14), but it was susuceptible to isolate 12/00 (pathotype 11.10.14). 378 
Notably, isolate 12/00 was virulent to the fewest accessions of C. melo in our experiment. 379 
In contrast, isolate 3/00 with a very weak pathotype was virulent on the largest number of 380 
accessions. 381 
After the leaf discs were inoculated, we observed different patterns of symptom 382 
development among C. melo accessions, which may, in part, reflect variation within the 383 
host and the pathogen, but may also be due to external factors. Overall, early symptom 384 
development and rapid spread of sporulation across the whole leaf disc surface was a 385 
common feature, favoured by optimal laboratory conditions. Hosts showing slower 386 
infection development and/or somewhat reduced DI values under such conditions may 387 
possess a certain degree of field resistance against P. cubensis, as reported by Lebeda and 388 
Prášil (1993). From this viewpoint, the practical use of several C. melo accessions in 389 
breeding should be considered. In addition to PI 315410, we would recommend those 390 
accessions displaying incomplete resistance (items 10, 44, 49, 54, 55, 59, 63, 65, 68, 70, 391 
72, 92, 93, 94, 95, and 100) or heterogeneous reactions.  392 
 393 
 394 
 395 
 396 
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4. Discussion 397 
Our experiments revealed considerable variability in reaction patterns among 115 398 
accessions of C. melo after inoculation with eight isolates of P. cubensis. Such results 399 
correspond to the considerable morphological, biochemical and genetic variation existing 400 
within C. melo (Lebeda and Widrlechner, 2003; Lebeda et al., 2006), as well as to past 401 
observations concerning the resistance of other Cucumis species to P. cubensis (e.g. 402 
Cohen, 1981; Lebeda, 1990, 1991, 1992; Lebeda and Doležal, 1995; Lebeda and 403 
Widrlechner, 2003; Thomas et al., 1987). However, an alternative view was presented by 404 
Stepansky et al. (1999) who noted that many of the patterns in morphological variation 405 
observed within C. melo did not closely correspond to genetic variation in molecular 406 
markers.  407 
Variability in reaction patterns observed in interactions of C. melo and P. cubensis 408 
stand in contrast to the almost uniform reaction of C. sativus, which is genetically less 409 
diverse and generally very susceptible to P. cubensis (Lebeda and Urban, 2004; Lebeda 410 
and Widrlechner, 2003; Lebeda et al., 2006). The response of a set of 100 accessions of 411 
wild Cucumis species demonstrated no clear race-specific, differential patterns (Lebeda, 412 
1992; Lebeda and Widrlechner, 2003), in spite of their genetic and morphological 413 
variability (Lebeda et al., 2006). 414 
In C. melo – P. cubensis interactions, our understanding of the phenomena of race and 415 
pathotype specifity has gradually become more clear (Lebeda, 1991; Lebeda and 416 
Gadasová, 2002; Thomas et al., 1987). From that perspective, the resistant (or 417 
incompletely resistant) reactions of 46 C. melo accessions observed here could be 418 
considered as race/pathotype-specific, as none of them expressed resistance against the 419 
entire set of P. cubensis isolates. This especially holds true for PI 315410 (item 34), 420 
which displayed high resistance against seven isolates, but clear susceptibility to a single 421 
isolate (PC 12/00). Such a distinct reaction pattern, when compared to other C. melo 422 
genotypes, suggests the possible use of PI 315410 as a differential line for racial or 423 
pathotype identification and as a good model system for further research. The full 424 
potential of PI 315410 in breeding melons for resistance to P. cubensis should be 425 
investigated by testing it against a larger set of P. cubensis isolates (pathotypes) 426 
originating from different geographical regions and by hybridization experiments 427 
involving susceptible genotypes to determine the heritability of resistance and define its 428 
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genetic control. To that end, Roháčková (2014) did test PI 315410 against eight additional 429 
isolates of P. cubensis collected between 1995 and 2009; it was susceptible to seven of 430 
them, as was PI 124111. PI 124112 was susceptible to six isolates.  431 
The differential genotype  C. melo CUM 238/1974 included in the differential set for 432 
determination of P. cubensis pathotypes is considered as highly resistant (Lebeda and 433 
Gadasová, 2002; Lebeda and Widrlechner, 2003).  Still, this genotype was susceptible to 434 
eight isolates collected in 1985 – 1988 on cucumber in Czechoslovakia (Lebeda, 1991).    435 
In our recent experiments, the genotype CUM 238/1974 was susceptible to two highly 436 
virulent isolates (1/97 - pathotype 15.10.14; 39/01 - pathotype 15.15.15), which were 437 
virulent also to all remaining differentials from the genus Cucumis (Tables 2, 3). 438 
However, CUM 238/1974 was resistant to 6 remaining isolates.  These results confirm the 439 
race-specific resistance in this genotype and also the shift in pathogen virulence between 440 
the early epidemic (1985 – 1988) in Czechoslovakia (Lebeda, 1991) and virulence ten 441 
years later (1996 – 2001), as well as in more recently sampled  pathogen populations 442 
(Lebeda et al., 2013, 2014). 443 
Lebeda and Prášil (1993) demonstrated that reduced (delayed) pathogen development 444 
on leaf discs of C. sativus under strong infection pressure under laboratory conditions can 445 
be associated with a certain level of field resistance to P. cubensis.  In this regard, the 446 
accessions of C. melo highlighted in light green in Table 4 may be potentialy important in 447 
melon breeding. Notably, two accessions, PI 614174 and PI 614442 (items 92 and 95), 448 
were incompletely resistant to all isolates tested, and the phenomenon of race-specific 449 
resistance was not observed.  Both accessions are from India and are identified as C. melo 450 
subsp. agrestis (Table 4). The role of physical features (e.g., epidermal cell structure) and 451 
chemical composition of this subspecies related to the processes of pathogenesis should 452 
be studied.   453 
Furthermore, Japanese and Chinese sources of field resistance or tolerance to P. 454 
cubensis have long been reported in the literature (Cohen, 1981; Lebeda, 1990). The 455 
response of the Japanese C. melo line CUM 238/1974 to a set of P. cubensis isolates 456 
under conditions of controlled inoculation of leaf discs in growth chamber was race-457 
specific; it was resistant to twenty isolates and susceptible to only two (Lebeda and 458 
Gadasová, 2002).  In our experiments, there were seven accessions from this region 459 
incompletely resistant to at least one isolate of P. cubensis.  One accession (item 54) from 460 
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Taiwan and another (item 100) from China were „almost“ resistant to one or two isolates.  461 
Similar reactions were observed for two accessions (items 49 and 59) from the New 462 
World and six (items 55, 63, 65, 68, 70 and 72) from Africa.   463 
Many wild Cucumis species with chromosome number n=12 identical to C. melo, and 464 
numerous wild forms of the C. melo exist in eastern part of tropical Africa on the southern 465 
margin of the Sahara, and sources of resistance to some fungal and viral diseases have 466 
already been found there  (El Tahir and Mohamed, 2004). While accessions from Egypt, 467 
Ethiopia, Ghana and Kenya were susceptible to all isolates in our study, all accessions 468 
from Zambia and Zimbabwe, along with one from Senegal, were incompletely resistant to 469 
at least one isolate of P. cubensis. Southern Africa could be a new hot spot for collecting 470 
melons with resistance to cucurbit downy mildew, and we suspect that additional, 471 
valuable sources of resistance to cucurbit downy mildew will be discovered there. 472 
The Near East and Mediterranean are considered as centres of diversification for 473 
melons (El Tahir and Mohamed, 2004; Pitrat et al., 2000) with high infraspecific 474 
variation. In our experiment, we did not find any accessions from these regions to be 475 
completely or incompletely resistant to any of isolates of P. cubensis. East Asia is another 476 
centre of diversification for C. melo (El Tahir and Mohamed, 2004). 477 
Our recent study: a) documented high variability in reaction of C. melo to P. cubensis, 478 
b) confirmed race-specificity in interactions between C. melo and P. cubensis, c) 479 
illustrated the utility of a standardized system for determining P. cubensis races on C. 480 
melo, d) identified an accession with good resistance to a majority of isolates tested, e) 481 
pointed out specific geographic areas where interesting genotypes can be found, f) 482 
revealed C. melo subsp. agresis as a subject for future, detailed interaction studies, g) all 483 
leading towards a comprehensive study of the response of this set of C. melo accessions 484 
to a broader array of P. cubensis isolates from distinct areas around the world. 485 
The recent study, in comparison with previous knowledge of this host-pathogen 486 
interaction (e.g. Lebeda and Widrlechner, 2003; Lebeda et al., 2006; Thomas, 1999) is 487 
bringing for the first time the detailed view on variation of pathotype/race specific 488 
interactions between Cucumis melo and Pseudoperonospora cubensis. Such large set of 489 
C. melo accessions has never been studied before so many well characterised isolates 490 
(pathotypes) of P. cubensis. The results clearly showed enormous variation in this host-491 
pathogen system which is clearly race-specific. This conclusion is also the background for 492 
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further studies which could be focused on system development for objective 493 
determination and denomination of P. cubensis races what may be crucial step fostering 494 
the research of genetics of this interaction, as well as melon resistance breeding.   495 
 496 
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Table 1 
List of Cucumismelo accessions under study. 
 
Item  Accession number Country of origin Yearofcollection 
or donation 
Improvement 
status 
  1 Ames 19036 Kazakhstan 1991 landrace 
  2 Ames 19037 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kazakhstan 1991 landrace 
  3 Ames 21185 Turkey 
 
1989 cultivated material 
  4 PI 108902 Turkmenistan 
 
1934 cultivar 
  5 PI 124112 India 1937 landrace 
  6 PI 137843 Iran 1940 landrace  
  7 PI 164187 India 1948 landrace 
  8 PI 164433 India 1948 landrace 
  9 PI 177362 Turkey 1948 landrace 
 10 PI 183311 India 1949 landrace 
 11 PI 185111 Ghana 1949 wild material 
 12 PI 193495 Ethiopia 1950 landrace 
 13 PI 251516 Iran 1958 uncertain status 
 14 PI 251517 Iran 1958 cultivar 
 15 PI 255949  Greece before 1959 cultivar 
 16 PI 266929 Japan donated 1960 cultivar 
 17 PI 266932 Japan donated 1960 cultivar 
 18 PI 266934 Japan donated 1960 cultivar 
 19 PI 266935 Japan donated 1960 cultivar 
 20 PI 266937 Japan donated 1960 cultivar 
 21 PI 267083 Turkmenistan donated 1960 breeding material  
 22 PI 279366 India 1948 cultivated material  
 23 PI 279367 India 1948 cultivated material  
 24 PI 293790 Uzbekistan donated 1963 landrace 
 25 PI 304744 El Salvador donated 1965 landrace 
 26 PI 306134 Iran donated 1965 landrace 
 27 PI 307588 El Salvador donated 1965 landrace 
 28 PI 313970 India donated 1966 breeding material 
 29 PI 314149 Uzbekistan donated 1966 cultivated material 
 30 PI 314179 Uzbekistan donated 1966 landrace 
 31 PI 314427 Georgia donated 1966 landrace 
 32 PI 314653 Kazakhstan  donated 1966 cultivated material 
 33 PI 314654 Kazakhstan  donated 1966 cultivated material 
 34 PI 315410 India donated 1966 landrace 
 35 PI 344303 Turkey near 1966 landrace 
 36 PI 344309 Turkey near 1966 landrace 
 37 PI 344318 Turkey near 1966 landrace 
 38 PI 344322 Turkey near 1966 landrace 
 39 PI 344345 Turkey 1966 landrace 
 40 PI 344396 Iran 1966 landrace 
 41 PI 355056 Greece donated 1970 cultivar 
 42 PI 357758 Macedonia donated 1970 landrace 
Tables
 43 PI 357783 Macedonia donated 1970 landrace 
 44 PI 370021 India donated 1971 landrace 
 45 PI 378059 Japan donated 1973 cultivar 
 46 PI 378062 Japan donated 1973 cultivar 
 47 PI 379275 Macedonia donated 1972 landrace 
 48 PI 385966 Kenya donated 1974 cultivar, F1 hybrid 
 49 PI 403994 Colombia donated 1975 cultivated material 
 50 PI 420176 Japan donated 1977 cultivar 
 51 PI 420177 Japan donated 1977 cultivar 
 52 PI 426629 Pakistan donated 1978 cultivated material 
 53 PI 436530 Taiwan donated 1979 cultivated material 
 54 PI 436531 Taiwan donated 1979 cultivated material 
 55 PI 436532 Senegal 1973 cultivated material 
 56 PI 436533 Senegal donated 1979 cultivated material 
 57 PI 439745 Greece 1967 landrace 
 58 PI 441988 Colombia donated 1980 cultivar 
 59  PI 442178 Mexico 1979 wild 
 60 PI 470253 Indonesia 1981 landrace 
 61 PI 476331 Turkmenistan donated 1981 cultivated material 
 62 PI 476340 Armenia donated 1981 cultivated material 
 63 PI 482394 Zimbabwe 1982 cultivated material 
 64 PI 482395 Zimbabwe 1982 cultivated material 
 65 PI 482399 Zimbabwe 1982 cultivated material 
 66 PI 482400 Zimbabwe 1982 cultivated material 
 67 PI 482401 Zimbabwe 1982 cultivated material 
 68 PI 482424 Zimbabwe 1982 cultivated material 
 69 PI 505599 Zambia 1984 landrace 
 70 PI 505600 Zambia 1984 landrace 
 71 PI 505601 Zambia 1984 landrace 
 72 PI 505602 Zambia 1984 landrace 
 73 PI 505603 Zambia 1984 landrace 
 74 PI 508447 South Korea donated 1986 cultivar 
 75  PI 508449 South Korea donated 1986 cultivar 
 76 PI 508452 South Korea donated 1986 cultivar 
 77 PI 512527 Spain 1984 landrace 
 78 PI 512559 Spain 1984 landrace 
 79 PI 512561 Spain 1984 landrace 
 80 PI 512562 Spain 1984 landrace 
 81 PI 512564 Spain 1984 landrace 
 82 PI 512583 Spain 1984 landrace 
 83 PI 512585 Spain 1984 landrace 
 84 PI 525101 Egypt 1985 landrace 
 85 PI 525105 Egypt 1985 landrace 
 86 PI 525115 Egypt 1985 landrace 
 87 PI 525116 Egypt 1985 landrace 
 88 PI 525120 Egypt 1985 landrace 
 89 PI 537092 South Korea donated 1989 cultivar 
 90 PI 540402 Turkmenistan 1989 cultivar 
 91 PI 540413 Uzbekistan 1989 cultivar 
 92 PI 614174 India 1992 wild 
 93 PI 614291 India 1992 cultivated 
 94 PI 614417  India 1992 cultivated? 
 95 PI 614442 India 1992 wild 
 96 PI 614461 India 1992 cultivated 
 97 PI 614474 India 1992 cultivated 
 98 PI 614500 India 1992 cultivated 
 99 PI 618819 China donated 1990 landrace 
100 PI 618822 China donated 1994 landrace 
101 PI 618832 China donated 1994 landrace 
102 PI 618834 China 1994 landrace 
103 PI 618835 China 1994 landrace 
104 PI 618836 China 1994 landrace 
105 PI 618837 China 1994 landrace 
106 PI 618838 China 1994 landrace 
107 PI 618839 China 1994 landrace 
108 PI 618840 China donated 1994 landrace 
109 PI 618842 China donated 1994 landrace 
110 PI 618849 China donated 1994 landrace 
111 PI 618850 China donated 1994 landrace 
112 PI 436529 Taiwan donated 1979 landrace 
113 PI 315407 France donated 1966 landrace 
114 PI 385965 France donated 1974 cultivar 
115 PI 614186 India 1992 cultivated material 
C 09H3900121 USA donated  1964 cultivar 
 
For taxonomic status of items 1-115, see USDA, ARS, National Genetic Resources 
Program (2015); for item C, see Crop Research Institute (2015a): 
item C (control) C. sativus  
 3, 22 C. melovarflexuosus 
 15 C. melo var. inodorus 
 92, 94, 95 C. melo var. agrestis 
 8, 52 C. melo unspecified below the species level 
 all remaining accessions C. melo subsp. melo 
 
 
 
 
 
 
 
 
 
 
 
Table 2  
Differential set of Cucurbitaceae for the determination of 
Pseudoperonosporacubensispathotypes(Lebeda and Widrlechner, 2003) 
 
No. Taxon Accessionnumber Cultivarname Country of 
origin Donor EVIGEZ 
1 Cucumissativus  H39-0121 Marketer 430 USA 
2 C. melosubsp. melo PI 292008 H40-1117 Ananas Yokneam Israel 
3 C. melo var. conomon CUM 238/1974 H40-0625 Baj-Gua Japan 
4 C. melo var. acidulus PI 200819 H40-0611  Myanmar 
5 Cucurbitapepo var. pepo PI 171622 H42-0117 Dolmalik Turkey 
6 C. pepo var. texana PI 614687 H42-0130  USA 
7 C. pepo var.fraterna* PI 532355 H42-0136  Mexico 
8 C. maxima  H42-0137 Goliáš Czechslovakia 
9 Citrulluslanatus  H37-0008 Malali Israel 
10 Benincasahispida BEN 485 H15-0001  USA 
11 Luffacylindrica  H63-0010  ? 
12 Lagenariasiceraria  H63-0009  ? 
EVIGEZ (seeCrop Research Institute, 2015a) 
* originallydescribed as Cucurbitafraterna(Lebeda and Gadasová, 2002) 
? unknown 
 
Table 3 
Characterization of Pseudoperonosporacubensis isolates used in this study on the level of 
pathotypes (determined and denominated according to Lebeda and Widrlechner (2003)). 
 
 Differential genotypes of Cucurbitaceae (Table 2a) Isolate 
pathotype 
No. of 
differential  
1 2 3 4  5 6 7 8  9 10 11 12   
Value 1 2 4 8 Σ 1 2 4 8 Σ 1 2 4 8 Σ  
Isolate Reactions of differential genotypes to isolates and corresponding values Triplet code 
1/88 + + - -  - + - -  - + - +   
 1 2 0 0 3 0 2 0 0 2 0 2 0 8 10 3.2.10 
6/96 + + - -  - + - +  - + - +   
 1 2 0 0 3 0 2 0 8 10 0 2 0 8 10 3.10.10 
1/97 + + + +  - + - +  - + + +   
 1 2 4 8 15 0 2 0 8 15 0 2 4 8 14 15.10.14 
6/97 + - - -  - + - -  - + - +   
 1 0 0 0 1 0 2 0 0 1 0 2 0 8 10 1.2.10 
3/00 + + - -  - - - -  - - - -   
 1 2 0 0 3 0 0 0 0 3 0 0 0 0 0 3.0.0 
11/00 + - - -  - + - +  - + - +   
 1 0 0 0 1 0 2 0 8 1 0 2 0 8 10 1.10.10 
12/00 + + - +  - + - +  - + + +   
 1 2 0 8 11 0 2 0 8 11 0 2 4 8 14 11.10.14 
39/01 + + + +  + + + +  + + + +   
 1 2 4 8 15 1 2 4 8 15 1 2 4 8 15 15.15.15. 
Interaction: - differential genotype is resistant (isolate is avirulent) 
        + differential genotype is susceptible (isolate is virulent)   
Table 4 
Reaction of Cucumismelo accessions to eight isolates Pseudoperonosporacubensis14
th
 
day after inoculation expressed qualitatively.  
 
Continent Country 
Reaction patterns to isolatesofP. cubensis 
12/00 1/88 6/97 11/00 6/96 39/01 1/97 3/00 
C. melo items         
Africa Egypt, Ethiopia, Ghana, Kenya, Senegal, Zambia, Zimbabwe 
11, 12, 48, 56, 87, 88 + + + + + + + + 
84 + (+) + + + + + + 
86 + + + (+) + + + + 
85 + + + + + (+) + + 
71 (-) + (+) + (+) + + + 
66 (-) (+) + + (+) + + + 
73 + (-) (+) + + + + + 
69 + + (-) (+) + + (+) + 
67 + + (-) (+) + + + + 
72 (+) + + (-) + + + + 
63 + + + (-) + + (-) + 
64 (-) + + (-) + + + + 
68 (-) + (-) (-) (-) + + + 
55 (-) (-) (-) (+) (-) + + (+) 
70 (-) + (-) + (-) + (-) (-) 
65 (-) + (-) (-) (-) + + (-) 
America Colombia, El Salvador, Mexico 
25, 27 + + + + + + + + 
58 + + + (+) (+) + + + 
59 (-) + + + + + + + 
49 + (-) + (-) (+) (-) + + 
East Asia China, Japan, South Korea, Taiwan 
16, 18-20, 75, 76, 99, 
101, 102, 104, 105, 108-
111 + + + + + + + + 
46 + (+) + + + (+) + + 
107 + + (+) + + + + + 
103 (+) + + + + + + + 
106 (+) + + (+) + + + + 
17, 89 + + + + (+) + + + 
51 + (-) + + + + + + 
50 + + + + (-) (+) + + 
74 + + (+) + + + (-) + 
100 (-) (-) + + + + + + 
45 + (-) + + (-) + + + 
53 (-) (-) + + + + (-) + 
54 (-) (-) (-) + + (+) + (-) 
South 
Asia 
India, Indonesia (from Indonesia only item 60) 
7, 22, 23, 96 + + + + + + + + 
8 (+) (+) + + + + + + 
28 + (+) (+) + (+) + + + 
60 + + + + (+) + + (+) 
98 + + + + + + (+) (+) 
97 (-) + (+) + + + + + 
10 + + + + + (-) + + 
115 + + + + + (-) + + 
5 + (-) (-) + + + + + 
94 (-) (+) + (-) + (-) + + 
44 + (-) (+) (-) (+) (-) + + 
93 (-) + (-) (-) (-) (-) (-) (-) 
92 (-) (-) (-) (-) (-) (-) (-) (-) 
95 (-) (-)  (-) (-) (-) (-) (-) (-) 
34 + - (-) - (-) - - - 
Central 
Asia 
Armenia, Georgia, Iran, Kazakhstan, Pakistan, Turkey, Turkmenistan, Uzbekistan 
1-4, 6, 9, 13, 14, 21, 24, 
26, 29-33, 35-40, 52, 61, 
62, 90, 91 
+ + + + + + + + 
Europe Macedonia, France, Greece, Spain 
15, 41-43, 78- 83, 113, 114 + + + + + + + + 
77 (+) + + + + + + + 
57 + (+) + + + + + + 
47 + + + + + + (+) + 
 
Reaction patterns in the table according to Lebeda and Urban (2010): 
-   resistant reaction with DI (degree of infection) of 0%  
(-)  incomplete resistance with DI of 1-34%;  
(+) heterogenous reaction  
+ susceptible reaction with DI of 35-100%. 
Light green – ID less than 25% to any of leaf discs 14 day after inoculation 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5 
Response of C. melo accessions under study to eight isolates ofP. cubensis. 
 
Improvement 
sStatus of 
accession* 
Totral 
number 
of accs. 
Number of accessions with reaction** to at least 
one isolate 
- (-) (+) + 
breeding material 2 0 0 1 2 
cultivated, cultivar 47 0 17 13 47 
landrace 60 1 10 17 60 
wild 4 0 3 0 2 
unknown 2 0 1 1 2 
 
*  Improvement status of accession –for each accession specified in the Table 1. 
**Reaction patterns – see Table 4. 
 
 
